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Breakthroughs in plant breeding at the CGIAR have 
placed bean yields on a 2%-3.3% per year growth 
trajectory based on experiment station trials, 
comfortably above minimum thresholds (set, for 
example, by the CGIAR Excellence in Breeding (EiB) 
platform) required to meet the dietary requirements 
of a global population projected to surpass 10 billion 
by 2050. These on-station gains must be extended to 
farmers fields.
Key message
Gains reflect the deployment of genetic diversity 
underpinned by an understanding of the biology of yield.
The highest percentage yield growth is expected under 
conditions of drought and low soil fertility, such as those 
afflicting much of the Eastern and Southern African bean 
growing regions.
Advances in genetic research have been accompanied by 
renewed attention to improved crop management. The 
Integrated Crop Management (ICM) program of PABRA 
(the Pan-African Bean Research Alliance) and the CGIAR 
Excellence in Agronomy Platform, in particular, are well 
positioned to further enhance the impact of improved 
bean varieties.
The Bean Program is in the process of modernizing its 
breeding decision making (stage gate) process in order 
improve the precision and speed by which higher yielding 
varieties are adapted to local soil and climate conditions, 
as well as to consumer grain type preferences (color, 
texture, size, etc.).
Policy, institutional, and market frameworks play a 
critical role in the success or failure of technology uptake 
and improved crop management. Economic foresight is 
useful to help anticipate these issues in order to leverage 
opportunities and mitigate bottlenecks.
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Rationale and support
• The Bean Program’s focus on parameters of 
partitioning1 under drought has favored the 
selection of key yield factors and better grain 
filling, which have resulted in improved yield in 
both drought and favorable conditions (Beebe et 
al., 2008). 
• Apart from drought, low soil fertility has also been identified as one of the major constraints leading to 
high bean yield gaps in Africa (Tamene et al., 2017; Wolde-meskel et al., 2018). Issues in the region typically 
include N deficiency, P deficiency, low exchangeable bases, aggravated by soil moisture deficits. P is the 
most frequently deficient nutrient and P fertilizer supply is low in the majority of the bean-production areas 


















Annual genetic gain in an international trial
In Africa, soil N 
is limiting in a large per cent 
of bean production area.
1 Partitioning refers to the distribution of a plant’s biomass to different plant parts including to seed for yield.
Southern Africa: 







3 | POLICY BRIEF
• Selection for tolerance to soil constraints has 
been practiced under field conditions with limited 
fertility, especially low phosphorus availability and 
low soil nitrogen (Singh et al., 2003).  The same 
international trial cited above was also tested in 
limited fertility conditions, resulting in 27 kg/ha 
(3.3%) gain per year. It is likely that selection for 
drought tolerance also contributed to better yield 
in low fertility, since improved partitioning is useful 
under varied conditions (Beebe et al., 2008).
• Genetic gain has been possible through an 
understanding of the biology of the crop, both on 
partitioning (harvest index) and increasingly on 
roots. While maintaining the rates of gain cited 
above may be a challenge, the infusion of new 
sources of genetic diversity into the breeding 
program offers hope of very acceptable levels of 
genetic gain.  For example, QTL analysis revealed 
important yield factors that are only now being 
incorporated into the breeding pipeline (Diaz et al., 
2018).2 
• Breeding selection pipelines will receive a 
substantial efficiency boost in coming years thanks 
to the introduction of an advanced mathematical 
technique called Genomic Selection (GS). GS 
allows breeders to take maximum advantage of 
the inherently rich diversity of the common bean 
gene pool. In a typical application, a sub-sample of 
a breeding population – a training population – is 
phenotyped for traits of interest and is genotyped 
intensively. The relationships extracted from 
the training population between phenotype and 
genotype are extrapolated to the broader breeding 
population to effect selection. Experimentation 
with GS (estimation of breeding values; modeling 
of optimal breeding pipeline structure with EiB) 
is ongoing and is being adapted to common 
bean. A project funded by ACIAR to test GS for 
reduced cooking time is underway. GS is also being 
positioned to take account of consumer preferences 
for specific grain types—size, color, shape.
• Pipelines will also accelerate as target populations 
of environments (TPE) analysis becomes more 
quantitative through modeling of climate (current 
and future) and soil characteristics.  This in turn 
will feed into the application of GS by focusing the 
evaluation of training populations on those most 
relevant environments.
2  Genetic gain estimates were based on the yields of the best 15% of lines 
versus standard checks in an international trial of materials developed over 
a 20 year period.
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Genetic advances in drought and low fertility 
tolerance will contribute signficantly to securing 
the future of bean production in Africa and other 
places where adverse biophysical conditions will be 
increasingly compounded by climate change.
The introduction of GS and the ongoing refinement 
of TPE will serve to maximize genetic advance and 
hence accelerate the breeding pipeline in coming 
years. This will greatly increase the “bang” for every 
“buck” invested in bean research.
Implications
• Crop management is receiving renewed attention 
as a potential force multiplier. A recent review 
and meta-analysis of field studies in Uganda and 
Tanzania, reported more than 20 practices that 
could improve crop adaptation and productivity 
being the use of fertilizers and water saving 
techniques the ones that had largest positive 
effects on crop productivity (Lamanna et al., 
2016). PABRA’s ICM approach is an important 
example. ICM is a holistic approach to improve 
crop production and protection, including pest 
and disease, soil fertility, water and post-harvest 
management practices. Likewise, the CGIAR is 
embarking on an Excellence in Agronomy platform, 
which is vitally needed in the tropics.
• In addition to biophysical environments, 
the importance of institutional and policy 
environments is becoming increasingly clear. 
Improved crop management may further enhance 
genetic gain, benefiting not only bean production 
but also the production of all crops.
Technology uptake and excellence in agronomy 
ultimately hinge upon economic incentives. 
More economic foresight is thus required to 
anticipate and identify opportunities where policy 
engagement, institutional capacity building and 
market development can serve a critical role in 
improved diffusion of new technologies.
The Bean Program is exploring economic foresight 
tools in order to better identify and assess such 
opportunities.
as a result of coordinated efforts 
between government policy makers, 
researchers, extensionists, and the 
private sector. 
Way forward
The Bean Program has demonstrated that 
it is capable of delivering the yield growth 
trajectories required to meet the dietary 
demands of 10 billion people in 2050. However, 
continued donor support of the Program is 
essential to realizing this potential.
Continued support of breeding and foresight 
activities, particularly TPE, and modernization 
of breeding methods including GS will likely 
pay disproportionately large dividends in the 
form of a significantly accelerated breeding 
pipeline.
Crop management is another area where 
investments may generate disproportionately 
large benefits. Continued support of emerging 
programs such as the CGIAR’s Excellence 
in Agronomy platform, in conjunction with 
PABRA’s ICM program, enhances production 
not only for beans, but for all crops.
Uptake of improved technology and 
management practices hinges upon favorable 
economic incentives, which in turn are a 
function of the corresponding institutional 
and policy landscape. The “make-or-break” 
importance of these factors requires that 
economic foresight analysis also form an 
integral part of pre-breeding activities. 
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